Introduction
Several studies on climate predict that ex treme weather events like high temperatures and continuous droughts will occur more of ten in the future (Klein Tank & Können 2003) . These phenomena represent a con crete risk for forest integrity. Drought events will strongly affect plant communities in forests (Schaub 2009 ). The most visible ef fects that correlate with drought are crown transparency, dead branches, mistletoe and fungus infection . For example, several studies on a site near Visp (Switzerland) have shown that an nual tree mortality could be correlated with drought periods (Bigler et al. 2006) . Stati stical analyses indicate that more than 59% of the Scots Pines (Pinus sylvestris) at the Visp site have died since 1996 . However, some trees belon ging to the same population have adapted to drought and become more resistant to patho gens and parasite agents.
In this review, we introduce several empi rical methodologies currently used to mea sure the impact of drought on Scots Pine. In particular, measures of the crown trans parency, productivity (e.g., radial growth, height increment, and needle length), sap fluxes, and lifespan will be presented and discussed. In addition to these, we will focus on some genetic approaches that have re cently been used to investigate the presence of genetic markers that may be involved in drought resistance and how discuss they can improve the results of the empirical methods.
Methods
Several empirical methods have been used to measure the impact of drought on trees.
Crown transparency
The vitality of the trees can be measured by comparing the crown transparency. To ob tain coherent results, a stationary automatic camera takes a series of pictures. The back ground in these pictures should be neutral. The crown transparency can be evaluated by measuring the amount of green colour in each picture .
Growth of the trunk /stem
Another way is to compare the productivity of the trees by measuring the radial growth of the tree trunk or the height increment. These precise methods can be easily repro duced, especially if the measured points are exactly defined (Dobbertin 2005) .
Compensation Heat Pulse Method
Another method of assessing of the tree vi tality is to measure the water transport in the xylem by using the Compensation Heat Pulse Method (CHPM). This involves de termining water transport in the xylem tissue through the propagation of short heat pulses (Green et al. 2003) .
Needle vitality
The healthiness of a conifer tree is also re flected in the vitality of its needles. Good in dicators are the speed of growth, the needles final length and lifespan. The speed of growth and needles final length are deter mined by proximal and distal measurements of the bases of the shoots of branches. These results can also be correlated with climatic measurements (Dobbertin et al. 2009 ).
Needle Trace Method
The Needle Trace Method (NTM) is ano ther method to evaluate the lifespan and the needle loss. It is based on the knowledge that the supply channel of a needle is visible in the timber. The canal goes through the dif ferent tree rings, ending on a particular an nual ring, which marks the end of the life of that needle. The life span of needles can be measured by counting the number of annual rings in which the supply channel is visible. The advantage of this method is that it is possible to trace back needle vitality for about 400 years (Jalkanen et al. 2009 ).
In addition to these empirical approaches, the field of genetics can possibly contribute to our understanding of why some trees are more resistant to drought than others. The general aim is the search of genetic markers involved in drought resistance. More studies have been performed to try to find the gene tic markers related to drought response.
The RAPD (Random Amplified Poly morphic DNA) markers have already been used by Fournier et al. (2006) to characterize two tree populations, one showing the im pact of drought and the other one being in good physical conditions (Fournier et al. 2006) . Fournier et al. (2006) generated a par tial comparative profile of the genome of the two tree populations. Because it was im possible to cover all the genome sequences, the probability of finding the markers in volved in drought resistance was very low.
However, recently huge progress in lab methodologies has recently been achieved and produced enormous amounts of genomic and sequence data which can be analyzed and interpreted. This has allowed recent ad vances on the identification of drought-re lated genes. Drought periods can be responsible for substantial damage in forests. Different studies have used empirical methods to measure the impact of drought on trees. More recently, huge advances in genomics have allowed finding poten tial genetic markers involved in drought resistance or tolerance. In this paper we review some empirical and genomic approaches that have been published in the literature. We suggest that a combination of these two types of ap proaches allows a better understanding of the mechanisms leading to drought resistance or tolerance.
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Lechner drought stress using microarrays. They high lighted that drought stress caused a variation in regulation of several genes. Gonzalez-Martinez et al. (2006) worked on the polymorphism pattern of 18 candidate genes for drought-stress response in Pinus taeda. They identified 196 SNPs (Single Nucleotide Polymorphism) from these 18 genes. Eveno et al. (2008) also used SNP methods coupled with statistics and bioinformatics analysis on Pinus pinaster to confirm the in volvement of several genes in drought tole rance. They found five genes that could be candidate that are linked with drought stress response (Eveno et al. 2008 ).
Discussion
The interpretation of the collected data with empirical methods is often not clear. Too many unknown factors can influence the results, especially if it is a field trial. A big influence for example can have the presence of many mycorrhiza fungi or different soil composition on the growth rate and the drought-tolerance of trees (Egli & Brunner 2005) . Genetic factors are also an issue, why some trees are more resistant to drought than others. In this way genetics is a possibility to explain the variations and to improve the in terpretation. Combined with empirical me thods it can lead to better results.
Many genetic methods are used for re search on genetic markers. One of the most powerful methods among the genetic ap proaches is based on using so-called mi ni-satellites to screen for several gene can didates. Mini-satellites were discovered in 1985 by Jeffreys et al. (1985) and can be de tected in various ways, e.g., using mi crosatellites and AFLP techniques, as ex plained below.
Mini-satellites with a repetitive sequences maximum of four base pairs in length are known as microsatellites (Simple Sequence Repeats). These SSRs are the basis of the SSLP (Simple Sequence Length Polymor phism) and as a result also of the microsatel lite analysis. In this method, microsatellites up to 10 kilobases are selectively multiplied by using the PCR. This is accomplished by using primers, whose sequence is comple mentary to the flanking areas of the SSRs to analyse the total DNA of the repetitive se quence (Jeffreys et al. 1988) .
It is a very reliable method that only inve stigates polymorphic fragments. It is neither complicated nor time consuming to imple ment, which makes it suitable especially for extensive studies (Russell et al. 1997) . How ever, one limitation is that the sequence of the flanking DNA segments of the mi crosatellites must be known.
The analysis of mini-satellites using the AFLP (Amplified Fragment Length Poly morphism) is still a relatively new techno logy, first developed by Zabeau & Vos (1993) . The method is based on the selective amplification of specific restriction frag ments obtained from the digestion of the en tire genome. The primers used are marked with fluorescent dyes, then electrophoreti cally separated according to length and fi nally detected.
This method has the disadvantage that the level of polymorphism is only 48.6 %. This is offset by the large number of fragments that can be produced in one PCR (Russell et al. 1997 ). Another advantage is that by using different restriction enzymes and primer combinations, the method can be flexibly varied. It can also be applied without having to know the sequence of the genome.
The drawback of the AFLP method is the potential of misinterpretation of the detected fragments. The fact, that two different indi viduals have a fragment of identical molecu lar weight in common, can not be taken as an evidence that these individuals actually pos sess the same homologous fragment. In most cases, however, it can be assumed that these fragments are homologous (Karp et al. 1996) .
In addition to the SNP and RAPD that have been already used, the SSLP and AFLP method can be a good choice for QTL (Quantitative Trait Loci) mapping or di versity studies (Vignal et al. 2002) . It is pos sible to obtain good and quick result on ge netic marker potentially involved in drought resistance. The identified genes must be veri fied and confirmed by SNP method asso ciated with statistic and bioinformatic me thods to corroborate the results.
Conclusions
Currently many studies are being under taken to better understand why some trees are more drought resistant. The genetic methods can complement traditional me thods. Moreover they quickly produce re sults. However, additional studies are neces sary to find the most relevant genetic mar kers. Such markers should open up many op portunities to better understand drought-re lated issues in arid zones.
